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1. Introduction and history

o For practical applications, superconducting materials are usually
produced in small filaments and surrounded by a stabilizer
(typically copper) to form a multifilament wire or strand.

o A superconducting cable is usually composed by several wires:
multistrand cable.

o In this unit we will describe how and why superconducting cables
are fabricated in such a geometry.

Superconducting Accelerator Magnets, June 20- July 1, 2022 Practical superconductors for accelerator magnets 6



1. Introduction and history

The discovery

o Superconductivity was discovered in 1911 by Kammerling -
Onnes who observed that the resistance of a mercury wire
disappeared (immeasurably small value) at 4.2 K

o Not Jjust ol i-tiralyl ZEBO resestarices t an c e

0152

0128
/

0,10

Qo785

6,05

0,025

0,00

400 410 420 440

Practical superconductors for accelerator magnets

Superconducting Accelerator Magnets, June 20- July 1, 2022

440



1. Introduction and history

Critical temperature

o The temperature at which the transition
takes place:critical temperature T,

o Below T, A no resistance

o Observed in may materials

o but not in the typical best normal conductors
(copper, silver, gold

o At atemperature > T_, a superconductor
IS a very poor conductor

o 2 kinds of superconductors

o Type land Type Il
o Different behaviour with magnetic field
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Material T.(K)
Aluminum 1.2
Cadmium 0.52
Gallium 1.1
Indium 34
Iridium 0.11
Lanthanum z 4.8

p 49
Lead 7.2
Lutecium 0.1
Mercury « 4.2
f 4.0
Molybdenum (.2
Osmium 0.7
Rhenium 1.7
Rhodium 0.0003
Ruthenium 0.5
Tantalum 4.5
Thalium 24
Thorium 1.4
Tin 37
Titanium 04
Tungsten 0.016
Uranium « 0.6
B 1.8
Zinc 0.9
Zirconium 0.8
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1. Introduction and history

Type | superconductors

o Meissner-Ochsenfeld effect (1933) Material T.(K)  poHo (mT)
o Perfect diamagnetism Humi 2 o
Cadmium 0.52 3.0
I I I I Gallium _ 1.1 5.1
o With T<T_magnetic field is expelled indiom i R
o But, the B must be <critical field B, [ e 1o
» Otherwise superconductivity is lost Lead A - .
by L. Bottura B B r]:riuet:f:;;] b Si 2?2
B 4.0 34.0
Increase of Molybdenum 0.9
field Cool-down Osmium 0.7 ~6.3
—> +— Rhenium 1.7 20.1
Rhodium 0.0003 4.9
Ruthenium 0.5 6.6
) | | | Tantalum 4.5 83.0
Superconducting state Normal state Thalium 24 17.1
Thorium 1.4 16.2
. . Tin 3.7 30.6
o Unfortunately, first discovered Titanium 04
. Tungsten 0.016 0.12
superconductors (Type |) with very Houmim 06
1.8
IOW BC (q: 01 -D Z%nc ﬁ 09 5.3
o nhot practical for electro-magnets i eORItHT s il
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1. Introduction and history

Type Il superconductors

o So, for 4650 years, superconductivity was a research activity

o T'hen,

| ntype h=ipedhdustqrs

o BetweenB_, and B_,: mixed phase

o B penetrates as flux tubes:fluxoids
o with aflux of 7,=h/2e=2-10"Wb

e Much higher fields and link between T_and B,
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1. Introduction and history

Type Il superconductors

o Fleld penetrated in the form of flux tubes ( fluxoids), each with
a flux of
f,=h/2e =2- 16"Whb
o Observed both in a photo by Essmann & Trauble (1967) and
with magneto -optical imaging technique by Oslo Univerisity

N

i http://www.mn.uio.no/fysikk/english/research/gro

ups/amks/superconductivity/
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